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IMPROVEMENTS IN AND RELATING TO 
METHODS AND APPARATUS FOR INVESTIGATING EMISSIONS 

This invention concerns improvements in and relating to methods and apparatus for 
investigating emissions, particularly, but not exclusively in relation to gamma emissions. 

During a number of tasks involving to radioactive materials it is desirable to be able 
to accurately determine the position and level of radioactive materials within an 
environment. The environment may be a room or vessel in which operations involving 
radioactive material have been conducted and / or situations where decommissioning is r 
required. To enable efficient decommissioning and / or to ensure man access under 
appropriate conditions to such environments accurate level and positional information is 
needed. 

It is known to use a collimated gamma detector of the type referred to in EP 
0542561 or WO98/5207] to investigate gamma contamination. To achieve information 
about the sources of radiation the detector is collimated to give a conical field of view, with 
apex angle of less than 10°. This necessitates a significant length for the collimator. 
Furthermore, as the counts arising from the field of view must be very much higher than 
those penetrating the collimator from other directions to ensure meaningful measurements, 
the collimator must present a substantial thickness of material, 50mm or more, around the 
detector. As a consequence the collimator alone has a substantial mass, 40kg. The physical 
dimensions and properties necessary to achieve successful operation thus impair or prohibit 
the use of such instruments in locations for which access is limited, by the size of available 
entrance apertures for instance. Specific new entries to such locations are thus needed in 
such prior art systems or limited information on the radioactive materials must be tolerated. 

The present invention aims to provide an instalment which is capable of 
introduction into environments for which access is awkward or impaired, which provides 
accurate and detailed information and which is capable of achieving such results in a 
practical time periods. 

According to a first aspect of the invention we provide a method of investigating 
emissions from radioactive sources in an environment, the method comprising :- 
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providing an instrument, the instrument having a detector assembly, the 
detector assembly including a single detector which generates a signal in response 
to a detected emission, the detector being provided with a greater level of shielding 
against emissions in one or more directions: than in one or more other directions to 
define the field of view of the environment for the detector and a moveable 
shielding component which is moveable relative to the field of view; 

introducing the detector assembly of the instrument into the environment; 

obtaining a signal count and/or count rate from the detector with at least a 
part of the environment with the field of view, the moveable shield being out of the 
field of view, the result forming the reference count and/or reference count rate for 
that given field of view; 

obtaining a signal count and/or count rate from the detector for the given 
field of view, with a part of the given field of view occluded by the moveable 
shielding component, the result forming the partially occluded view's count and/or 
count rate for that given field of view with that given part occluded; 

for a given occluded part of a given field of view, the reference count and 
partially occluded view count and/or reference count rate and partially occluded 
view count rate being considered against one another to provide information about 
the emissions arising from the given field of view. 

The first aspect of the invention may include any of the features, options or 
possibilities set out elsewhere in this document including the second aspect of the invention. 

The first aspect of the invention may particularly include obtaining a signal count 
and / or count rate from the detector with at least part of the environment within the field of 
view, the moveable shielding component being out of the field of view; moving at least part 
of the detector assembly to place at least another part of the environment within the field of 
view and obtaining a signal count and / or count rate from the detector for that field of 
view, the moveable shielding component being out of that field of view; considering the 
counts and / or count rates obtained from the two or more different fields of view and 
selecting one or more areas of the environment for further investigation; the reference count 
and / or reference count rate being obtained for at least part of a selected area of the 
environment. 
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According to a second aspect of the invention we provide a method of 
investigating emissions from radioactive sources in an environment, the method 
comprising:- 

providing an instrument, the instrument having a detector assembly, the 
detector assembly including a detector which generates a signal in response to a 
detected emission, the detector being provided with a greater level of shielding 
against emissions in one or more directions than in one or more other directions to 
define the field of view of the environment for the detector and a moveable 
shielding component which is moveable relative to the field of view; 

introducing at least the detector assembly of the instrument into the 
environment; 

obtaining a signal count and/or count rate from the detector with at least 
part of the environment within the field of view, the moveable shielding component 
being out of the field of view; 

moving at least part of the detector assembly to place at least another part 
of the environment within the field of view and obtaining a signal count and/or 
count rate from the detector for that field of view, the moveable shielding 
component being out of that field of view; 

considering the counts and / or count rates obtained for the two or more 
different fields of view and selecting one or more areas of the environment for 
further investigation; 

obtaining a signal count and/or count rate from the detector with at least a 
part of a selected area of the environment within the field of view, the moveable 
shield being out of the given field of view, the result forming the reference count 
and/or reference count rate for that given field of view; 

obtaining a signal count and/or count rate from the detector for the given 
field of view, with a part of the given field of view occluded by the moveable 
shielding component, the result forming the partially occluded view count and/or 
count rate for that given field of view with that given part occluded; 

for a given field of view and a given part occluded, the reference count 
and partially occluded view count and/or reference count rate and partially 
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occluded view count rate being considered against one another to provide 
information about the emissions arising from the given field of view. 

Preferably the method of investigating emissions is a method for determining the 
position of one or more radioactive sources in an environment which generate emissions and 
/ or a method for determining the level of emissions arising flrom one or more radioactive 
sources in an environment. The method may achieve one or both of these measurements for 
at least part of a field of view, preferably all, with the detector in a fixed position relative to 
the environment during the measurement. The method may achieve one or both of these 
measurements by using a single field of view for the instrument. The method may achieve 
one or both of these measurements by occluding a non- converging, preferably diverging 
part of the field of view. The method may achieve one or both of these measurements by 
occluding a single part of the field of view of the instrument for each partially occluded view 
count and / or count rate obtained. 

The emissions may be alpha and / or beta and / or gamma emissions, but are 
preferably gamma emissions. 

The radioactive sources may be nuclear fuel, components used in the manufacture 
thereof, spent nuclear fuel, components thereof fission products, radioactive waste, 
residues or the like. 

The environment may be a room, chamber, cell, vessel, container, pipe, conduit, 
nuclear reactor core or part thereof. 

The detector assembly preferably provides support for the detector, shielding for 
the detector and moveable shielding component. Preferably the detector assembly provides 
means for varying the position of the detector and / or shielding for the detector and / or 
moveable shielding component. The position varying means may include a rotatable 
mounting for the detector and J or the shielding for the detector and / or the moveable 
shielding component. The rotatable mounting or mountings may allow rotation about two 
axis, preferably provided at 90° to one another. The position varying means may include 
one or more drive means, for instance motors, for varying the position of the detector and / 
or shielding for the detector and / or moveable shielding component. A separate drive 
means may be provided for each direction of rotation, more preferably for each direction of 
rotation for each of the shielding for the detector and the moveable shielding component. 
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In one preferred embodiment of the detector assembly, particularly suited to the 
hereinafter mentioned first detector / detector shielding / moveable shielding component 
configuration, the detector and detector shielding are rotatably mounted about a first axis 
and the moveable shielding component is rotatably mounted about a second axis. It is 
preferred that these first and second axis are perpendicular to one another. It is preferred 
that a drive means, such as a motor, is provided for each of these axis, Tt is preferred thai 
the first axis is substantially, for instance +/- 10°, vertical. It is preferred that the second 
axis is substantially, for instance +/- 10°, horizontal. In a further preferred embodiment of 
the detector assembly, particularly suited to the hereinafter mentioned second detector / 
detector shielding, moveable shielding component configuration, the detector and detector 
shielding are rotatably mounted about a first axis and a second axis and the moveable 
shielding component is rotatably mounted about a first axis and a second axis. Preferably 
the two first axis are separate from one another and / or the two second axis are separate 
from one another. Preferably the two first axis and / or two second axis are parallel to one 
another. Preferably the two first axis are perpendicular to the two second axis. 

The detector is preferably a gamma detector, for instance of the scintillator or 
semi-conductor type. Preferably the signals generated by the detector are conveyed to a 
location outside the environment for processing. It is preferred that a single detector is 
provided within the instrument. In this way, a single well defined field of view for the 
instrument is assured. 

A detected emission may be an emission reaching the detector from the field of 
view and / or through the shielding. Preferably the contribution to the detected emissions 
from the field of view is at least five times, and more preferably at least ten times, the 
contribution of detected emissions passing through the shielding for the detector 

Preferably the greater level of shielding against emissions in one or more directions 
is provided by a collimator for the detector. The shielding may be of lead or tungsten. 
Preferably, other than in the field of view, the detector is provided with at least 15mm and 
more preferably at least 20mm of shielding between it and the environment. Preferably, 
other than in the field of view, the detector is provided with less than 40mm and more 
preferably less than 32 mm of shielding between it and the environment. The detector may 
be provided with a consistent thickness of shielding between itself and the environment in all 
directions, other than those within the field of view. Preferably no shielding, excluding the 
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moveable shielding component when present, between the detector arid the environment is 
provided within the field of view. 

In a preferred embodiment, particularly suited to the hereinafter mentioned first 
detector / detector shielding / moveable shielding component configuration, the shielding 
may include a first generally planar component and a second generally planer component 
with a gap between them, at least in part, defining the field of view. The surfaces of the 
planar components which oppose one another are preferably planar surfaces. The surfaces 
of the planar components which oppose one another are preferably parallel with one 
another The planar components may diverge away from one another, in the direction away 
from the detector. The outside surfaces, the non-opposing surfaces, of the shielding may be 
non-planar, for instance of greater thickness in proximity with the detector than distal from 
it, in one or more directions. The shielding may be provided with a dome, protrusion or 
other form of increased thickness in proximity with the detector, for instance an increased 
thickness along an axis of rotation of the detector and / or an axis of rotation passing 
through the detector. The shielding may be generally scalloped shape. Preferably the gap 
between the first and second component is closed by shielding around part of the detector 
to, at least in part, define the field of view. In a further preferred embodiment, particularly 
suited to the hereinafter mentioned second detector / detector shielding / moveable shielding 
component configuration, the shielding may comprise a first conical portion. The first 
conical portion is preferably truncated at the end distal to the detector. The truncation is 
preferably perpendicular to the axis of the conical portion. The shielding may include a 
second conical portion, preferably abutting and ideally abutting at a corresponding diameter 
to the first conical portion. Preferably the second conical portion tapers, ideally away from 
the detector and / or in the opposing direction to the taper of the first conical portion. The 
second conical portion is preferably truncated at the end distal to the detector. The 
truncation is preferably perpendicular to the axis of the conical portion. The detector is 
preferably provided on the axis of the conical portion or conical portions. The detector is 
preferably provided on the plane defined by the junction of the first and second conical 
portions. 

The detector may be provided with a field of view consisting of less than 30% of 
the potential views leading from the centre of the detector to the environment and the level 
may be more preferably be less than 25% or even less than 15%. Preferably the level is 
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greater than 2% and more preferably greater than 5% or even greater than 1 0% of the 
potential views. 

The field of view may be provided with a symmetrical cross-section. The field of 
view may be symmetrical in all directions, for instance a cone, or may have only restricted 
symmetry, for instance a slice. 

The field of view, particularly for a conical field of view, preferably has an angular 
extent of less than 90°, more preferably less than 60°, and ideally less than 45°. Preferably 
the field of view has an angular extent of at least 5°, more preferably at least 15°, and 
ideally at least 25°. An angular extent of between 30° and 40° is particularly preferred. 
The angular extent may apply to one direction, or all for conical fields of view. 

The field of view, particularly for a slice type field of view, preferably has an 
angular extent in the first direction of berween 1 ° and 15°, more preferably between 2° and 
10° and ideally between 3° and 8°. The field of view in a second direction, ideally the 
second direction being perpendicular to the first direction, may be between 45° and 3 60 3 
and more preferably between 160° and 200°. Preferably the angular extent in the first 
direction is constant throughout the angular extent in the second direction. In this way, a 
slice may be defined. 

Preferably the moveable shielding component is provided of the same shielding 
material as the other shielding. Preferably the moveable shielding component has a 
substantially uniform extent, between the detector and the environment, within the field of 
view. 

Preferably the moveable shielding component can be positioned at one or more 
locations outside the field of view. Preferably the moveable shielding component can be 
positioned at a plurality of positions within the field of view, more preferably positions 
throughout the field of view are facilitated and ideally sufficient positions to entirely cover 
the field of view, in total, are facilitated. 

The detector assembly may be introduced into the environment by insertion 
through an aperture. The aperture may be of circular cross-section. The aperture may 
extend through a shielded wall into the environment. The aperture may have a maximum 
width of less than 200mm, less than 150mm or even less than 100mm. The maximum width 
may be the diameter of the aperture. The detector assembly may be mounted on one end of 
a body with a portion of the body being retained in the aperture leading to the environment 
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during measurement. The body may be supported within the aperture by one or more 
elements depending from the body, for instance legs which engage one or more walls of the 
aperture. The dependent elements may be provided with a rolling contact between 
themselves and the aperture wall or waUs. 

The detector assembly may be mounted on a tripod or other form of support. The 
tripod or other form of support may be deployed within the environment. The tripod or 
other form of support may be introduced to the environment by a robotic arm or other form 
of remote controlled manipulator. 

A signal count and / or count rate for a field of view, with the moveable shielding 
component out of the field of view, may be determined using a count period of less than 5 
minutes, more preferably less than 1 minute and ideally less than 30 seconds. Preferably the 
part of the environment in the field of view is fixed during the determination of a signal 
count and / or count rate. 

Preferably the moveable shielding component is out of the field of view by being 
positioned at a location where shielding is provided between the moveable shielding 
component and the detector. Preferably the moveably shielding component is pivoted to 
this position. Preferably the part of the detector assembly moved to place at least another 
part of the environment within the field of view includes the detector and the shielding for 
the detector. The moveable shielding component may also be moved. The movement may 
be a rotation of that part of the detector assembly about one or more axis. 

In one embodiment of the invention, particularly suited for the hereinafter 
mentioned first detector / detector shielding / moveable shielding component configuration, 
the detector, detector shielding and moveable shielding component are moved by rotation 
about a single axis. Preferably rotation is about a substantially vertically aligned axis, ideally 
without any rotation about any other axis. 

In another embodiment of the invention particularly suited to the hereinafter 
referred to second detector, detector shielding, moveable shielding component 
configuration, the detector, detector shielding and moveable shielding component are 
moveable in rotation about one or both of two axis. Preferably rotation is about a first axis, 
with the position about the second axis fixed, until all desired fields of view at that fixed 
position for the rotation about the second axis have been considered. This may then be 
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followed by a variation in the position about the second axis followed by rotation about the 
first axis to all desired fields of view. 

Different fields of view may be considered sequentially, moving from one field of 
view to an adjoining one. An adjoining field of view may be horizontally and / or vertically 
adjoining and / or tilt angles for the detector and / or detector shielding may be changed to 
vary the part of the environment in the field of view. 

Signal counts and / or count rates for a plurality of different parts of the 
environment may be determined by providing those different parts within different fields of 
view. Preferably signal counts and / or count rates for all parts of the environment for 
which investigation is required are performed. Parts of the environment may be investigated 
using o verlapping and / or abutting fields of view. The environment may be divided into 
ten, fifty or even a hundred or more different fields of view. 

The consideration of the counts and / or count rates from two or more different 
fields of view may involve considering those fields of view which produce high counts and / 
or count rates, and / or those fields of view which produce low counts and / or count rates 
and / or those fields of view which have counts and / or count rates above or below a 
Threshold level. Preferably those fields of view relating to higher counts and / or count rates 
are selected. A higher count and / or count rate may be taken as indicative of one or more 
sources being within that particular field of view. A lower count rate may be taken as 
indicative of an absence of source from within that particular field of view. 

The selected one or more areas for further investigation may in each case 
individually, be an area larger than any given field of view, any area corresponding to a 
given field of view or an area forming part of a given field of view. 

The selection may also include the selection of one or more fields of view to 
investigate each of those one or more areas. The selection may involve selecting one or 
more of the previously measured fields of view for use in the further investigation and / or 
one or more fields of view not corresponding to a previously measured field of view. The 
field of view relating to a selected area may be a field of view for which a count and / or 
count rate has been determined before the selection of the areas is made and / or may be a 
new field of view. Where the field of view is a pre-existing one, the previously obtained 
count and / or count rate may be used to form the reference count and / or reference count 
rate for that selected field of view. Where the field of view is a new one. a count and / or 
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count rate from the detector for that field of view is obtained with the moveable shielding 
component being out of the field of view, that signal count and / or count rate forming the 
reference count and / or reference count rate for that selected field of view. 

Preferably partially occluded view signal counts and / or count rates are obtained 
for a given field of view with a plurality of different parts of that given field of view 
occluded. Preferably the partially occluded view count and / or count rates for this plurality 
of different occluded views are considered together with the reference count and / or 
reference count rate for the given field of view to provide information about the emissions 
arising ram that given field of view. 

The method may include obtaining a signal count and / or count rate with each part 
of the given field of view occluded or only selected parts of the given field of view 
occluded, for instance where the area selected is smaller than the field of view. 

Different partially occluded views are preferably obtained by moving the moveable 
shielding component within the field of view of the detector, preferably with the field of 
view of the detector fixed. The moveable shielding component may be made between each 
count and / or count rate determination by an amount less than its extent in the direction of 
movement, an extent equal to its extent in the direction of movement or by an extent in the 
direction of movement greater than its extent. Preferably the moveable shielding 
component has a fixed position during count and / or count rate determination. A count 
and / or count rate determination of less than 2 hours is preferred, more preferably less than 
10 minutes and ideally less than 30 seconds. In one embodiment of the invention, 
particularly suited for the hereinafter mentioned first detector / detector shielding / 
moveable shielding component configuration, it is preferred that the moveable shielding 
component is moved by rotation about a single axis, most preferably a horizontally aligned 
axis, and ideally with no rotation about any other axis. It is particularly preferred that the 
moveable shielding component be moved so as to occlude the entire extent of the field of 
view in one direction, for instance the entire width of a slice like field of view. Preferably 
the moveable shielding component is moved from one end of the field of view to the other, 
ideally occluding all the field of view over time. In another embodiment of the invention, 
particularly suited for the hereinafter second detector / detector shielding / moveable 
shielding component configuration, the moveable shielding component is preferably moved 
by rotation about one or both of two axis. Preferably rotation is about a first axis, with the 
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position about the second axis fixed, until all desired occluded views for that field of view at 
that fixed position for the second axis have been considered. This may then be followed by 
a variation in the position of the moveable shielding component by rotation about the 
second axis, followed by rotation about the fixed axis to all desired partially occluded views 
for the field of view. 

Different occluded views may be considered sequentially, moving from one 
occluded view to an adjoining one. An adjoining occluded view may be horizontally and / 
or vertically adjoined. 

Pan and / or tilt angles for the moveable shielding component may be changed to 
vary the pan of the field of view which is occluded. 

The consideration may involve determining which location or locations within the 
selected areas of the environment are significant contributors to the count and / or count 
rate, and / or determining which location or locations within the selected areas of the 
environment are not significant contributors to the count and / or count rate. The 
consideration may involve determining those pans of the field of view which when occluded 
result in the most significant decrease in the count and / or count rate for the given field of 
view. 

The level of emissions may be determined based on the variation in count and /or 
count rate occurring with a part of the field of view occluded or not. The level may be 
indicated as a quantitative value and / or a range of quantitative values. 

Preferably count rates are determined in the various stages. 

Preferably the location of the source is determined in three dimensions. The 
location may be expressed in terms of determined by the tilt and pan angles of the detector 
assembly and / or the position within the environment indicated by the field of view for that 
count and / or count rate results. The location may also be detennined in terms of the 
distance from the detector to the location. A range finding device may be employed on the 
instalment to assist in this determination. A laser range finder may be used. 

The method may include taking video camera or camera images of the 
environment. The visual images may indicate the field of view under investigation by the 
instrument. Recordal facilities for the visual images may be provided. The information on 
the positions and / or levels of the sources may be indicated on the visual images. 
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In one embodiment, the collimator may be panned and / or tilted to various angles 
to provide different fields of view of the environment. Preferably rhe method includes 
sequentially moving the field of view by varying the tilt or pan angle and maintaining the 
other of the tilt or pan angle constant. In such a case, once the full range of the one of tilt 
or pan angles have been investigated at a respective pan or tilt angle, then the pan or tilt 
angle can be changed and the process repeated for the full range of tilt or pan angles. 
Preferably, particularly in such cases, the moveable shielding element may be adapted to be 
provided at various tilt and / or pan angles. In this way all of the different potential parts of 
the field of view may be occluded through suitably varying tilt and / or pan angles. 
Preferably one of the tilt and / or pan angles is kept constant and the other is varied to 
obscure sequentially the different parts of the field of view at that given constant tilt and / or 
pan angle. Preferably this is followed by a change in that tilt or pan angle and then variation 
of the other of the tilt or pan angle so as to scan the moveable shielding element across the 
field of view. 

According to a third aspect of the invention we provide an instrument, the 
instrument having a detector assembly and signal processing means, the detector assembly 
including a detector which generates a signal in response to a detected emission, the 
detector being provided with a greater level of shielding against emissions in one or more 
directions than in one or more other directions to define the field of view of the environment 
for the detector and including a moveable shielding component which is moveable relative 
to the field of view. The detector assembly being provided with a single detector. 

According to a fourth aspect of the invention we provide an instrument, the 
instrument having a detector assembly and signal processing means, the detector assembly 
including a detector which generates a signal in response to a detected emission, the 
detector being provided with a greater level of shielding against emissions in one or more 
directions than in one or more other directions to define the field of view of the environment 
for the detector and including a moveable shielding component which is moveable relative 
to the field of view, the field of view consisting of less than 30% of the potential view 
directions leading from the centre of the detector to the environment. 



i 
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The third and / or fourth aspects of the invention may include any Of the features, 

j 

options or possibilities set out in the first and / or second aspects of the invention and / or 
elsewhere in this document. 



Various embodiments of the invention will now be described, by way of example 

only and with reference to the accompanying drawings in which :- 

Figure 1 illustrates aj collimator according to the prior art; 

Figure 2 schematically illustrates a detector assembly according to an 

l 

embodiment of the present invention; 

Figure 3 illustrates ajcollimator according to an embodiment of the 
present invention; ! 

Figure 4 illustrates a detector assembly incorporating a collimator 
according to the embodiment of the present invention illustrated in Figure 3; 

Figure 5 illustrates typical results obtained with varying pan angle using a 

detector according to the Figure 3 embodiment of the invention; 

i 

Figure 6 illustrates t^jpical results obtained with varying tilt angle at a 
particular pan angle using a detector assembly according to the Figure 3 



i 

embodiment of the invention; | 



Figure 7 illustrates an embodiment of a detector assembly deployed; 
Figure 8 illustrates a further embodiment of a collimator according to the 



invention; and j 

Figure 9 illustrates a further detector assembly according to the invention. 

Many situations in the nuclearjindustry, particularly in decommissioning 
operations, require rooms, chambers or| other enclosures to be investigated to determine the 
level and location of any radioactive material within them. 

An instrument which is useful for this purpose for gamma monitoring is illustrated 

in Figure 1. The detector 1 is enclosed (within a large mass of tungsten 3. The tungsten 3 

i 

defines a passage 5 which opens from the detector 1 to the environment 7 around the 
instrument. The defines the field of view 9 of the detector 1 from which gammas will be 
detected, with gamma from other parts of the environment 7 being excluded from detection, 
as far as possible , to give a directionally sensitive instrument. To shield the detector 1 
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againsr as much as possible of any emissions arising outside the field of view 9 the tungsten 
3 is thick, X = 50mm or more, and surrounds the detector 1 in almost all directions. The 
ability to exclude non-field of view emissions from detection is all important as the smaller 
the field of view and hence the greater the emission location resolution, the lower the count 
rate will be which is detected from that field of view. To get meaningful results, therefore, 
the count rate from emissions which penetrate the shielding must be as low as possible or 
that count will swamp the part of the count arising from the field of view 9. 

It should also be bome in mind that the mass of the collimator which results from 
having to have this thickness of material present requires substantial support. Thus, the 
collimator itself must be supported by a frame provided around at least a portion of it 
thereby increasing its size further. Where scanning or other movement of the collimator is 
required., then motors and pan and tilt facilities must be provided further increasing the 
overall dimensions of the detecting pan of the instrument. 

In many cases the existing access which is available to environments requiring 
monitoring is very limited, for instance elongate entrance tubes of 20cm or less in diameter. 
In such situations access is not possible for the type of instrument exemplified by EP 
0542561 or WO98/52071 as the mass and physical dimensions of the collimation necessary 
to make such instruments function renders them physically too large to introduce. The 
construction of new access routes which are physically large enough is often not an option 
on cost and/or practical and/or safety grounds. 

To address this problem an instrument has been developed using a different 
approach to the detection / emission level and position determining process. 

As illustrated in Figure 2 the detector assembly is formed of an emission detector 
20 surrounded in many directions by tungsten shielding 22. The shielding 22 is provided 
with a wide opening 24 which defines the field of view 26 of the detector 20. In addition to 
the shielding 22, a moveable shielding component 28 is provided which can be placed at 
different positions, both within the field of view 26 as shown, or removed from it, position 
2. 

In use, an instrument incorporating such a detector assembly is introduced into the 
environment 30 under consideration* potentially in a manner described in more detail below. 
The environment 30 is then investigated in a first part of the process by monitoring the 
count rates obtained with the field of view 26^ defined by the shielding 22, pointing at an 
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area of the environment. In this part of the process the moveable shielding component 28 is 
removed from the field of view 26. Once a count rate has been determined for that 
particular area a different area is considered by moving the collimator 22 and hence field of 
view 26 and a count rate for that particular area determined and so on. To vary the areas 
considered the field of view may be moved using varying tilt and pan angles for the detector 
assembly. 

As the field of view 26 is relatively large, the count rate arising from emissions 
within this field of view is substantial, and as a consequence a \ 0: 1 ratio between the field of 
view signal and signals arising from emissions passing through the shielding can be readily 
maintained even with a substantially diminished thickness for ihe shielding 22 when 
compared with the shielding thickness 3 of the prior art type collimator. However, this first 
part of the process provides only limited information on the location of the source. Thus, 
the presence of a source within the field of view 26 might be determined, but the instrument 
is unable to distinguish at the end of the first part of the process whether that source is at 
position A, position B, both or elsewhere. 

The count rates arising from this process do give an indication of the positions of 
radioactive sources as the count rates are higher for certain fields of view than for others 
even though the nature of the collimation by the shielding and the resultant large field of 
view mean that the resolution of information on the sources is relatively low. 

To provide more detailed information parts of the environment which arc 
established as containing sources are subjected to. further investigation in a second stage. 
Those areas established as lacking significant sources do not generally need any further 
consideration and thus the first part of the process provides for the elimination of areas of 
the environment 30 from needing such detailed consideration and saves significant time 
periods compared with a detailed review of the entire environment. 

In the second part of the process the detector assembly is directed so that its field 
of view includes the area for further investigation; If this field of view is identical with a 
field of view 26 in the first part of the process the count rate obtained in that first stage can 
be used in the second part as the reference count rate; if the field of view 26 is different then 
a count rate without the moveable shielding component 28 within the field of view 26 is 
taken to give the reference count rate. 

i 

! 
I 

I . i' 
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With the detector assembly position fixed with the given field of view 26, the 
moveable shielding component 28 is moved so as to obscure a part of the field of view 26, 
the occluded view 32 and a partially occluded count rate is determined. The obscured view 
32 is typically between 1 and 10% of the field of view 26 of the assembly. 

This partially occluded count rajte is determined over a significant period of time as 
the differences between reference cont rate and partially obscured count rate are small (or 
potentially even non-existent if no sources are occluded) and so the count rates must be 
determined precisely to avoid errors dominating any difference. The difference between the 

partially occluded count rate and the reference count rate represents the contribution of the 

I 

sources in the occluded view 32 to the reference count rate. By repeating the process with 

■ 
i 

different parts of the field of view 26 obscured, the contribution of each of those occluded 
view 32 can be obtained. Processing of the overall results enables detailed information on 
the location of the sources to be determined and their respective levels. 

As the occluded view 32 represents a relatively small area the effects of each of the 
small areas within the field of view 26 are determinable and substantial directional resolution 
is provided. The various occluded views 32 employed can overlap with one another 
between partially occluded count rate determination so as to reduce still further the effective 
part of the overall field of view 26 which provides the difference in count rate arising 

between those two or more partially occluded count rates. 

| i 

The use of the two stages means that it is possible, through the first part, to rapidly 
investigate a large environment to determine ■where there is a need for more detailed 
investigation. This gives a significant time benefit to the process of investigating an 
environment fully. Surveying the wholej environment using a technique based solely on a 

moveable shielding component would involve too great a time, potentially years for a 

i '• 

moderate size room, to be practical. Furthermore, through the second part, it is possible to 
investigate the environment in detail whjere necessary on source position and / or level 
issues. Surveying the environment or parts there of in high resolution is not possible using 
the colliination described for the first pirt process and surveying using the instruments 
typified in the prior art is not possible as the instrument cannot even be brought into the 
environment where space or access is limitedl The combination of the collimation extent 

and the moveable shielding element also gives significant time benefits. The collimation 

j ; 

restricts the field of view area which must bei investigated to manageable levels for the 
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moveable shielding component process to be practical on time grounds, whilst still giving 
sufficient resolution. 

To perform the first part of the process and investigate large environments as 
quickly as possible it is particularly desirable to use the type of collimator illustrated in 
Figure 3. This collimator 40 is formed of two mirror image disc shaped parts 42 which 
define between them a slit 44 having a 5° angle defined between the projected lines 
extending from the centre of the detector to the edge line of slit 44. The slit 44 has a 
relatively narrow field of view in one direction, but extends through substantially 180° in 
the perpendicular direction. The detector 46 is provided at the centre of the slit 44, with a 
shielding mass 48 behind it relative to the slit 44. 

As illustrated in Figure 4 such a collimator 40 is mounted such that the detector 46 
lies on the Y axis about which the collimator 40 can be panned and lies on the X axis. A 
motor 50 is provided to pan the collimator 40. A moveable shielding component 52 is 
provided on arms 54 attached to motor 56. The motor 56 is provided to tilt the moveable 
shielding component 52 about the Y axis to the desired position. 

In operation such an instrument is deployed in an environment and with the 
moveably shielding component 52 absent from the field of view and count rates are 
determined as the collimator 40 is panned from one side (direction of XI) to the other 
(direction of X2) to give a 180' sweep, transiting through the position shown in Figure 4 at 
90°. The result is that reference count rates for a large series of narrow slices of an 
environment are taken. 

Where the environment is a room, a series of slices, each including a strip of the 
ceiling, wall and floor are taken at known pan angles. Typical results for such a process are 
illustrated in Figure 5. This plot suggests that somewhere in the slices at approx. 40° 3 
approx. 15 a and approx. 120° are significant sources of emissions. Due to the shape of the 
slice responsible for the count rate, however, further investigation is needed to determine 
where, ceiling, wall or floor, the source or sources of emissions are. 

In the second stage of the investigation, therefore, the collimator 40 is panned to 
an angle for which further investigation is required, for instance the approx 75° pan angle. 
At this pan angle the moveable shielding component 52 is introduced so as to obscure a part 
of the slice field of view and a partially occluded count rate is determined. The preferred 
manner is to obscure one limit of the slice and vary the tilt angle for the moveable shielding 



Received 27-09-99 03 :58pm 



From-01 13 243 0446 



To-THE PATENT OFFICE 



Page 23 



-18- 

component 52 from determination to determination to the other limit, in the illustrated case 
through 180°. The variation in partially occluded count rate with the different angles, is 
illustrated in Figure 6. This provides detailed information on the position or positions of the 
sources and their levels. In the Figure 6 example a first source is determined centred on tilt 
angle 30° and a second source is determined centred on tilt angle 100°. The second source 
is of a higher level than the first; the count rate drops more significantly when this location 
is obscured by the moveable shielding component. Processing of the actual count rates 
leads to an actual level or level range determination for the sources. It is desirable to 
combine this information with a video image of the field of view so that the sources can be 
considered alongside that optical information. 

As previously stated, the generation of the desired information is possible despite 
the small overall size of the instrument. As illustrated in Figure 7 the collimator 40 and 
moveable shielding component 52. together with the motors and other components of the 
detecting assembly head 70 can be introduced through a 150mm diameter aperture 700 in 
the shielded wall leading from the outside 702 to the inside 704, the wall in part defining the 
chamber 706. The instrument is securely positioned within the aperture 700 and hence 
relative to the environment to be investigated by the cooperation of legs 70S provided with 
rollers which engage with the apertures* wall. Deployed in this type of position the accuracy 
of the results are Improved as the shielding wall itself assists in reducing the count arising 
from penetration of the collimator 40 through the material of the collimator 40 in non-field 
of view directions. 

As well as mounting in the aperture as shown in Figure 7 it is perfectly possible for 
the instrument to be supported by a robotic arm during use or to be mounted on a tripod or 
other support frame within the environment 

The instrument exemplified is provided with a 6mm x 6mm x 6mm scintillator as 
the actual detector. The scintillator may be of the Nal type and provide an energy range of 
30keV to 1500 keV and a count rate capability above 100,000 cps. 

It is desirable that a video camera is pointed centrally at the centre of the field of 
view under consideration so as to allow the best matching of the emission information and 
visual information. The measurements can then be made for each point desired, for instance 
using pan and tilt movement, (particularly with the collimator type of Figure 3) and the 
results be overlayed. 

i 

i 
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Th e provision of halogen lights on the detector assembly may be desirable where 
visual imaging of dark environments is sought. To assist with the presentation of the results 
it may also be desirable to provide a range finder for the centre of the field of view, as part 
of the detector assembly. 

An instrument provided in this way can be introduced through apertures of 
diameter 150mm or less, has a head weight of less than 10kg and yet can provide detailed 
information in a practical time scale. The time scales will vary with the actual level of 
emissions being investigated, with typical values being 8+ hours for ISOcps, SOmins for 
1 SOOcps and 300sec for 15000cps. Additional time to provide for movement between 
measuring locations may be needed. Whilst the collimator measurements may be conducted 
in a scanning movement or during a stepped scanning movement, the moveable shielding 
component pan of the process will necessitate a stepped process to give sufficient time for 
the necessary counts to be obtained, in most cases. 

As well as the type of system discussed above, it is possible to use other collimator 
shapes. For instance in Figure 8 a full disc like collimator 800 is provided with a slit 802 of 
narrow width which extends around the collimator 800 through 360°. The moveable 
shielding component 804 in this case is fixed on the collimator 800 and its position in the 
field of views is changed by rotating the whole collimator 800 about axis 806. The detector 
808 is centrally provided. 

It is also possible, see Figure 9, to provide a collimator 900 which features a 
circular cross-sectioned access to the detector within it and which has a conical field of view 
904 as a result. To conduct the first stage of the process with such a collimator it is 
necessary to scan the environment by moving the collimator to various tilt and pan angles. 
Thus two motors 906 and 908 are provided for moving the collimator 900. It is also 
necessary to move the moveable shielding component 910 to various tilt and pan positions 
within the field of view 904 and so two motors 912 and 914 are needed for this component 
too. The reduced motor requirement of the Figure 7 type instrument is an advantage. 
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